A method is described for the fractionation of urinary 17-ketosteroids by use of gradient elution chromatography on aluminium oxide followed by one-dimensional multiple thin layer chromatography on silica gel G. Androsterone, etiocholanolone, ll/?-hydroxy-androsterone, 11-oxoetiocholanolone, 11^-hydroxyetiocholanonole, 11-oxo-androsterone and a fraction containing dehydroepiandrosterone together with its rearranged product, /-androstanolone, were determined by means of the ZIMMERMANN reaction. The individual steroids were characterized by means of one-and two-dimensional thin layer chromatography using single and multiple runs, and by several "in situ" developed colour reactions. The method has been developed for sulphuric acid hydrolysis followed by continuous ether extraction as well as for enzymatic hydrolysis; the results with the different hydrolysis procedures have been discussed. Results are presented for the fractionation of fifteen normal urines after sulphuric acid hydrolysis. The ratio between the amounts of etiocholanolone and androsterone obtained by this method has been compared with that found after additional oxidation of their Zl 9 ( n ) dehydro-derivatives. (2, 3, 4) . The present work we investigate the possibility of combining column adsorption chromatography with gradient elution and a multiple one-dimensional thin-layer chromatography, in order to give complete separation of the principal six urinary ketosteroids, and thus make possible the study of the individual values and their ratios. As acid hydrolysis, in spite of some inconveniencies, is the most widely employed hydrolysis procedure, sulphuric acid was used for the hydrolysis of the steroid conjugates. For comparison, studies with enzymatic preparations were also performed.
Methods
Collection of urine 24 hrs. urine specimens were obtained from 8 men and 8 women of various age, hospitalized for various benign conditions, all with normal liver function and without signs or symptoms of endocrine disorders. The urines were examined in a fresh condition without the use of preservatives, in 24 hour collections.
Hydrolysis
Most of the urines were submitted to acid hydrolysis using 1/10 (v/v) of 40% sulphuric acid, extracted with ether continously for 16 hours, and purified as described by PLANTIN and BIRKE (5). In two cases, aliquots were submitted tortenzymatic hydrolysis using a Helix pomatia preparation (L'Industrie Biologique Francaise S. A., Gennevilliers/Seine, France): 250 m/of urine were diluted to 500 m/ with water, adjusted to pH 5.2 with acetate buffer (end of molarity: 0.02M) and submitted to hydrolysis with 8.000 units sulphatase (Roy) and 1.000 units ß-glucuronidase (FiSHMAN)/m/ for 48 hours at +37°. The hydrolyzed steroids were extracted and purified as described above.
Ketone separation
After hydrolysis the extracts were treated with GirarcTs reagent T (6), and determination of total 17-KS was performed on an aliquot of the ketonic fraction.
Total \T-KS-determinathn
It was performed using the ZIMMERMANN reaction with stabilized alcoholic potassium hydroxide, according to HAMBURGER (7). The corrections of ALLEN (8) and of GIBSON and EVELYN (9) were employed on total determinations, but the corrected values differ only slightly from uncorrected values after column chromatography, indicating that the eluted fractions are pure.
Column cbromatograpby
It has been performed with a linear gradient on aluminium oxide (alumina) with a column according to ZYGMUNTOWICZ et al. (10) ; for particulars, see PLANTIN and BIRKE (5). The gradient concent ration was obtained by using four identical cylinders situated on the same level, connected -just above the bottoms -by semicapillary tubes with valves ( Fig. 1 ). The first cylinder (a) contains In each case, the exact number of tubes belonging to each fraction was decided from the position of the peaks in the curve obtained with the column chromatography. The number of tubes in each fraction may vary slightly from one sample to another, depending upon variations in the alumina activity.
Thin layer cbromatography (TLC)
It has been used both for the characterisation of the steroids found in the different peaks and for the further separation of fractions III and IV. In this study, one-dimensional and two-dimensional TLC on silica gel G was performed according to the experimental conditions described by LISBOA (12, 13, 14) . For complete separation of the steroids in fractions III and IV multiple developments were also employed. For quantitative determinations, aliquots of fractions III and IV were carefully put on the plates in a row, 2.5 cm above the lower edge, using a Pasteur pipette and without damaging the silica gel layer (Fig. 2) . On the both sides of the test extracts, standard mixtures of the steroids to be analysed were added. After chromatography the central area containing the urinary extracts was protected by a glass plate, and the standards on both sides of the chromatoplate were developed by means of anisaldehyde/sulphuric acid reagent (15). Thereafter, the silica gel areas situated between the standards (shaded areas in the fig. 2 ) were carefully scraped from the plates and transferred to special columns (diameter 10 mm, length 5 cm) with coarse sintered glass disks in the bottom, similar to those used for pregnandiol determinations (16). The preparation of the column was done in the following way: one layer of washed quartz, one layer of silica gel, the silica gel from the chromatoplate and finally quartz again. The steroids were eluted with 3x5 m/ of ethanol. The eluates, after evaporation, were submitted directly to the ZIMMERMANN reaction.
Aliquots of the samples containing a mixture of the four steroids (fraction III) were submitted to treatment with osmium oxide and sodium permanganate, respectively; in both cases z! 9 ( u )-compounds give dihydroxy-derivatives, which easily may be separated from the corresponding saturated compounds by means of TLC. One-dimensional multiple chromatography of aliquots of eluentfraction III on silica gel G (3 developments), using solvent system C (ethylacetate/cyclohexane 50: 50) The eluate of the urinary extract is deposited on the central starting line (b), a mixture of androsterone and etiocholanolone standards (1:2) is deposited on each side at the same starting line (a). After development of the plate, the areas containing the standards are stained (the central area with the test sample is covered during the staining procedure) by using the anisaldehyde/sulphuric acid reaction
Treatment with osmium-Vl-oxide (17) Two-three drops of pyridine and 3 m/ of a 0.5% ether solution of osmium-VI-oxide was added to an aliquot of the steroid sample, dissolved in 2 m/ of ether. The tube is then sealed in a N 2 -atmosphere and left at room temperature for 7 days. The mixture is then saturated with hydrogen sulphide and filtered over glass filter. Each sample is deposited on the starting line of a chromatoplate, which is submitted to a three times repeated one-dimensional TLC, using solvent system C. The regions containing androsterone and etiocholanolone are eluted as described above and the ratio between them was determined after the ZIMMERMANN reaction had been performed.
Treatment with sodium permanganate (18)
The hydroxylation with permanganate is carried out by a modification to micro scale of the method employed by SAVARY and DESNUELLE (18) for the hydroxylation of unsaturated fatty acids. An amount of steroids (50-100 micrograms), dissolved in cold acetone is treated by a few drops of a 0.15% sodium permanganate solution in aqueous 0.1% potassium hydroxide solution. The mixture is shaken and after 5 minutes a few drops of a saturated aqueous sodium bisulphite solution is added until the permanganate colour disappears. The solution is then extracted three times with ethylacetate; the three organic extracts are pooled, evaporated and submitted to TLC for the separation of androsterone and etiocholanolone as described above. -In order to investigate the possibilites of adapting this method for quantitative determinations, aliquots of standards containing 50 micrograms of androsterone and etiocholanolone, respectively, were submitted to the same procedure for the calculation of the recovery.
Reliability of the method
The reliability of the method employed has been tested with regard to specificity, recovery and reproducibility. Specificity: To investigate the specificity of the gradient elution chromatography under the conditions employed in this study, experiments have been carried out with the following standards: androstane-3,17-dione, etiocholane-3,17-dione, dehydroepiandrosterone, iso-androsterone, iso-etiocholanolone, androsterone, etiocholanolone, 11^-hydroxyandrosterone, llß-hydroxyetiocholanolone and 11-oxo-etiocholanolone. Futhermore, the eluates of the four fractions obtained from pooled normal urines after gradient elution chromatography were further submitted to fractionation using TLC. The different steroids were characterized by their Chromatographie mobilities an silica-gel layers and by colour reactions, such as the anisaldehyde/sulphuric acid-and the ZIMMER-MANN reactions, developed "in situ" (2, 15).
Recovery: The recovery of the method depends upon those of both Chromatographie techniques. The recovery of 17-KS after gradient column chromatography has been studied previously for free steroids (19, 20) and is higher than 95%. Using TLC the recovery varies from 86 to 94 (mean 89.2) % for the different 17-KS investigated here. The calculation of the absolute quantities of the steroids of the eluated fractions III and IV according to their relative values in the corresponding fractions makes it unnecessary to correct for losses during the thin-layer chromatography procedure. -The recovery has also been studied after treatment of the steroids of fraction III with sodium permanganate under alkaline conditions. The results obtained with 5 aliquots containing androsterone and etiocholanolone (50 microgram each) give a recovery of 87.8 (range 80.9-96.5) %, measured as dehydroepiandrosterone. Reproducibility: As for the recovery, the reproducibility depends on those of the two Chromatographie procedures used. The coefficient of variation of the results obtained after gradient elution chromatography of 17-KS has been shown to be in the order of 6% (5, 20) . The reproducibility of TLC depends upon sufficient resolution of steroids with close polarity and of the reproducibility of their RF-values; both are possible to obtain under the standardized conditions which have been used. The values used for the calculation of the ratio E/A were averages of two determinations for both androsterone (A) and etiocholanolone (E), in order to avoid errors resulting from elution procedures.
Results
Qualitative analysis of the four fractions Experiments carried out with known standards, investigation of the four eluate fractions by means of thinlayer xhromatography, and colour reactions developed "in situ" have shown the following composition of the eluates. Fraction I: Using solvent systems C, and it was possible to detect androstan-17-one, androstane-3,17-dione and etiocholane-3,17-dione. However, most of the material in this fraction remained unidentified and probably consists of artefacts of hydrolysis. Gradient elution chromatography of androstane-3,17-dione and etiocholane-3,17-dione standards show that these two steroids are completely eluted in this fraction. Fraction II: All the dehydroepiandrosterone, iso-androsterone and iso-etiocholanolone submitted to gradient elution chromatography have been recovered in this fraction. TLC of this fraction, obtained from pooled extracts from normal urines, has shown that a great part of the ZIMMERMANN chromogens contained in this eluate was no longer dehydroepiandrosterone but a less polar steroid. This steroid was also obtained when dehydroepiandrosterone standard was submitted to the same hydrolysis procedure. This suggests that this steroid was /-androstan-6-ol-17-one, resulting from rearrangement of dehydroepiandrosterone. This eluate fraction includes all the so-called /?-ketosteroids-dehydroepiandrosterone, iso-androsterone and isoretiocholanolone. As the amount of the two latter compounds is very small, most of the ZIMMERMANN chromogen of this fraction consists of dehydroepiandrosterone (or its rearranged /-androstanolone). Fraction III: Gradient column chromatography of androsterone and etiocholanolone together with results from TLC have shown that this fraction includes these two 17-KS. As 11-hydroxylated steroids to some extent have been transformed during hydrolysis into Zl 9 ( 11 )-dehydroandrosterone and zJ 9 ( n )-dehydro-etiocholanolone, which could not be separated from the corresponding saturated steroids, the values for androsterone and etiocholanolone are probably slightly high. Fraction IV: The four 11-oxygenated derivatives of androsterone and etiocholanolone were recovered after gradient column chromatography. Qualitative studies of pooled eluates of this fraction have permitted the detection -by means of multiple two dimensional thin layer chromatography (Fig. 3) -of all these four steroids.
Fractionation of 17-KS from normal urines Table 1 summarizes the results obtained for the four eluate fractions after gradient elution chromatography of 15 normal urines (7 men and 8 women), in mg /24 hrs. and in % of total 17-KS. In the table 1 are also given the results obtained by further separation of the steroids of fraction III by means of one-dimensional multiple thin-layer chromatography on silica gel, together with the ratios etiocholanolone/androsterone and 11 -deoxy-/! 1 -oxygenated steroids. Of the four fractions obtained after column chromatography the fraction containing the 11-oxygenated steroids (fraction IV) was submitted to one-dimensional, multiple chromatography using the system ethylacetate/cyclohexane (60: 40); the results are given in table 2. -In two cases, equal aliquots of the urine were submitted to acid and enzymatic hydrolysis respectively. The results obtained for .the different fractions with the two hydrolysis procedures have been summarized in table 3. -In 4 cases, the ratio etiocholanolone : androsteron was determined after treatment of equal aliquots of fraction III with osmium oxide and 
Discussion

Hydrolysis
The optimal method for the study of the urinary 17-KS is the separation of the different conjugates of each steroid and their determination. However, such a method involves a series of separation procedures which makes it applicable only for studies of isolated cases. For routine purposes it is necessary to develop methods which permit the analysis of a large number of samples, and a comparison between values obtained in different laboratories. The most common hydrolysis procedure is still that using strong acids such as hydrochloric or sulphuric acid. -It is generally accepted that enzymatic hydrolysis is the best way of avoiding destruction of the urinary 17-KS and the formation of artefacts. However, the use of enzyme preparations is costly and the hydrolysis is slow; besides, some sulphates -such as those with 5 a/3 a, 5/3/3 a and 5/?/3/?-structures (22) are not hydrolysed at all or only to a very small degree by sulphatase preparations of Helix Pomatia or Patella vulgata and therefore require an additional solvolysis for their liberation. 5 Furthermore, the presence in the urine of non-competetive or competitive inhibitors, e. g. sulphates, phosphates, chlorides and glucuronides of administered drugs makes a pre-treatment of the urines necessary or an extraction of the conjugates before hydrolysis (23). The presence of artefacts after hydrolysis with bacterial /?-glucuronidase has been demonstrated by VESTERGAARD (24). After incubation of DHA-sulphate with this enzyme preparation, he could identify i-androstanolone by means of infraredspectroscopy, together with a second less important artefact. The re-investigation of the artefacts formed by hydrochloric acid hydrolysis, using gaschromatographic techniques (25) and the influence of both hydrochloric and sulphuric acid procedures on the gradient elution chromatography of 17-KS (26) showed that of the two procedures, sulphuric acid hydrolysis caused less destruction and transformation of the diffeient urinary 17-KS. By means of gas-chromatographic techniques. CREECH and ABBOTT (27) could not find artefacts after employing sulphuric acid hydrolysis with simultaneous extraction. Simultaneous extraction has however not been employed in the present investigation. This was due to the fact that urine colletions and steroid extractions in some pathological cases (27 A) were started several years ago, and that we wanted to have comparable results all through die study.
Fractionation
The results shown in table 1 for dehydroepiandrosterone, androsterone and etiocholanolone are in agreement with those which have been obtained by others (28-31) by using different fractionation methods and hydrolysis procedures.
-The values for the ratio etiocholanolone/ androsterone are identical with those given by other authors (29, 32, 33) and are the same in both sexes. For the ratio between the ll-deoxy-17-ketosteroids (androsterone, etiocholanolone and DHA) and the 11-oxygenated 17-KS we found values slightly higher than those given by DINGEMANSE et al.
(1) using hydrochloric acid hydrolysis and column adsorption chromatography, or those given by KAPPAS and GALLAGHER (31) obtained by means of column and paper chromatography after /?-glucuronidase and solvolysis. They are, however, much higher than those described by BROOKS-BANK and SALOKANGAS (34) and VESTERGAARD (21) obtained after acid hydrolysis with simultaneous extraction. This difference could be explained by the fact that these authors have corrected their results for the different chromogenicity of the analyzed steroids, and that by the use of acid hydrolysis with continous extraction the transformation of 11-oxygenated steroids is decreased.
Our results show that the ratio between 11-desoxy-and ll-oxy-17-KS decreases with age, as has been shown by BROOKSBANK and SALOKANGAS (34). -A comparison between the two hydrolysis procedures used in this investigation shows that the values obtained for total 17-KS, as well as for the steroids of the fractions III and IV are higher if enzymatic hydrolysis is used. The opposite has been found, as might be expected, in elutionfraction I, depending upon the higher formation of artefacts when acid hydrolysis is used. The ratio etiocholanolone/androsterone is smaller after enzymatic hydrolysis, but the difference is not significant. The figures in table 3 also show that the differences between acid and enzymatic hydrolysis are most marked for the steroids in fraction IV. This means that when the main interest is focused upon the steroids in fraction IV, enzymatic hydrolysis should be carried out. -In order to determine to which degree the conversion of 11-hydroxylated steroids to A 9 ( ir ) dehydroandrosterone and 2J 9 ( 11 )-dehydroetiocholanolone could affect the calculation of the ratio etiocholanolone/androsterone, this ratio has been determined also after hydroxylation of two J 9 ( n ) unsaturated steroids. The results of table 4 show that no great differences were obtained in normal individuals when this ratio was calculated with or without the oxidation treatment. However, as we were unable to obtain the Zl 9 ( u )-unsaturated compounds as standards, it was impossible to investigate whether the hydroxylation of the double bonds at /d 9 ( n ) by the two oxidation procedures was complete.
